Introduction
As applied medical anthropology has become a more central discipline in public health over the last 30 years, challenges and debates relating to cross-disciplinary collaboration, particularly with epidemiologists, have come to the fore 1 . The demand for anthropological input in public health emerged less from academic epidemiology and more from the limitations that professionals in leading organizations, such as the World Heath Organization and bilateral donor agencies, experienced when relying solely on epidemiology for improving program development, evaluation and implementation 2 . As a result, a certain template for expected ways of collaborating developed. Most commonly, applied epidemiological projects now generally incorporate sub-studies based on use of "qualitative methods," usually in a so-called "formative phase," to be carried out by anthropologists. In this template, the anthropologist's role has consisted largely of helping epidemiologists adapt standardized measurement tools to specific contexts, providing a descriptive narrative of patients' subjective experiences, or explaining the reasons for the failure of a particular programmatic initiative.
While this form of collaboration is generally deemed useful, in a general sense, the inclusion of qualitative components in public health research initially proved difficult. The merits of including qualitative studies have not always been widely endorsed, and more than once, the authors of this paper noted comments made by colleagues that multidisciplinarity has been engaged in more out of lip-service to donors than real analytical need. For many anthropologists, in turn, the development of applied medical anthropology within the larger public health and epidemiological framework belittled the potential of anthropological contributions, a view that polarized the anthropological community. While many anthropologists embraced the challenge of working in public health, others rightly highlighted that applied anthropology has more often than not been used in a superficial way, devoid of theory and reduced to an over-simplified methods "toolkit" 3, 4 . Fundamental and insurmountable epistemological differences between the two disciplines have rarely been acknowledged outside academic settings, to the extent that collaboration between the two disciplines has occurred in a parallel, rather than cross-fertilizing, fashion 5 . Under the pressure of study funders, the authors of this paper began to collaborate in multidisciplinary projects in the beginning of the 1990s, at a time when the inclusion of anthropology and other disciplines in public health had become an entrenched expected norm, even while the debates described above had also reached a disharmonious peak. In many regards, we were directly influenced by these debates and certainly experienced a degree of disharmony. From the epidemiologist's perspective, anthropological works were found to be verbose, excessively anecdotal, inappropriately based on small sample sizes selected according to convenience rather than random allocation. In sum, anthropology was seen to besubjective and un-scientific. The anthropologists in turn, often felt frustration with epidemiology's biological bias, reductionism, tendency to homogenize and simplify reality, lack of theoretical sophistication, and black-boxing of the culture concept, referred to only when needing to explain unexpected or atypical epidemiological findings.
With time and many discussions, however, we discovered that these perceptions of each others' approaches were inaccurate depictions of our actual epistemological positions. Often, they resulted from a misunderstanding of what each other's discipline was seeking to achieve, emerging from too much attention technical differences relating to methodology and not enough attention to conceptual and analytical similarities. Indeed, critics within both anthropology and epidemiology have highlighted the futility of applying methods without a strong theoretical framework, arguing that the predominant focus on methodological specialization in both fields has inhibited the use of shared conceptual models and theoretical interests 6, 7 . A recent study of professionals engaged in multidisciplinary public health research demonstrates the emergence of parallel debates occurring in both anthropology and public health which call for more critical examination of biomedicine and its dominant role in conceptualization of public health. These developments represent potential common ground that could be capitalized upon in moving towards greater conceptual -rather than methodological -collaboration between disciplines 8 . Using empirical examples from our work, this paper aims to describe the epistemological lessons we have learned through our collaboration. Our analysis focuses on the methodological and theoretical implications of actively addressing assumptions regarding our disciplines' main differences, while focusing on the mutual goal of adopting a broader social approach to population health improvement. Although the analysis presented below is at times critical of both mainstream epidemiology and medical anthropology, such critiques are not gratuitous but aimed ultimately at enriching multidisciplinary collaboration for the purposes of improving public health practice. As our paper will demonstrate, we believe it is important to push the boundaries of research collaborations from the more standard forms of "multidisciplinarity," or the process whereby professionals of different disciplines participate in a single project, to "interdisciplinarity," or the process where by professionals from distinct disciplines work together to generate novel concepts and integrate different levels and forms of explanation 9 .
Empirical examples of the collaboration: lessons learned
Using examples from our own research, this section will describe a number of areas where we have found convergence between our respective disciplines to be particularly fruitful and focused on theoretical, rather than simply methodological, exchange. Underlying all the forms of exchange we highlight below is an iterative process, whereby lines of inquiry, methodological developments, conceptual models, and the analysis and interpretation of data used in both disciplines feed into one-another.
Questionnaire design and improving acceptability of epidemiological surveys
A traditional form of collaboration between the two disciplines consists of using ethnographic insight to better develop questionnaires for quantitative surveys, primarily by improving the wording and social suitability of questions as dictated by formative ethnographic research exploring local taxonomies and illness categories 10 . For example, our research in Northeast Brazil showed that the word "canseira" appropriately captured the "rapid or difficult breathing" concept that characterizes pneumonia in small children with a respiratory infection. Incorporation of this term in the questionnaire -instead of the more complex expression "respiração rápida ou difícil" -helped improve its validity. Throughout our collaboration, we also discovered that anthropological insight can also increase local understanding of the objectives of the research, as well as respondent's acceptability and compliance with the surveyors' requests.
In our work, we took this form of collaboration further, and used it to refine our theoretical and interpretive understanding of phenomenon in question by using ethnographic insight to introduce unexpected questions into our research proposals. Frequently, for example, we have developed new questions to be used in our quantitative designs to help explain larger well-known epidemiological associations. For example, studies of teen pregnancy have frequently found that if the mothers of young girls were themselves teen-mothers, their children are more likely to themselves become pregnant as teens. Using an ethnographic approach, we explored the role of the family further and in a more detailed fashion, and found that some parents actively "pressure" their children to engage in serious romantic relationships at an early age. In a subsequent case-control study, we then included this phenomenon as a quantitative measure and found that young girls who had experienced this sort of pressure, as subjectively described by them, were more likely to become pregnant as teens 11 . Our ethnographic research also suggested that if a girl's mother had children by more than one father, the risk of teenage pregnancy was increased. This hypothesis, which was unlikely to have arisen from epidemiological investigation, was confirmed in the quantitative analyses of the whole sample 12 . Without such an iterative process in which one discipline influences the thematic content of the other, we are unlikely to have been able to advance our theoretical and explanatory understanding of particular phenomenon in question. However, in our experience, cross-disciplinary fertilization did not simply occur at the level of influencing or improving the content and mechanics of the research process. Rather, as the following sections will demonstrate, we found that theoretical interdisciplinarity was more likely to unfold if we actively challenged each disciplines' epistemological assumptions and limitations.
Use of epidemiological results to frame anthropological studies
Medical anthropologists often focus their research on describing "discourses" and "worldviews" that develop around a particular concept, disease or widespread phenomenon. Such studies are often based implicitly on the underlying aim of representing the "voices" of marginalized sub-populations, and thus, have tended to produce descriptive results that aim to explore locally salient cultural "constructs." While interesting and providing a useful starting point, these studies can prove to be analytically direction-less, as they do not tend to be structured around a specific set of focused questions. Also, because epidemiology has a strong biomedical bias, and because biomedicine is typically interventionist, many epidemiologists have little patience with what they see as unfocussed research that will not lead to concrete public health improvement.
In response to this critique, we found that designing an anthropological study around questions emerging from epidemiological results adds a qualitatively different kind of analytical slant to our ethnographic approach. While applied anthropology has not routinely engaged in the use of comparison groups for the purposes of explaining the reasons for health phenomena (and anthropologists' attempts to do so have often been brandished "reductionistic" by their peers), we found that working alongside epidemiologists pushed us towards focused exploration and explanation. To better address explanation through the use of comparison groups, we increased our ethnographic sample sizes and used randomly selected sub-samples from the larger epidemiological studies within which we conducted our research (specifically, the 1993 and 1982 cohorts). Random stratified sampling was deemed necessary not to conduct probabilistic analyses, but to learn about the range of experiences among what is in Brazil, a socially and economically highly heterogeneous population and through this, to identify locally salient subgroups for analytical comparison. This sampling scheme also led to the inclusion of both introverted and socially sheltered participants, as well as those who spent very little time in or near their homes, something that certainly a convenience sample, which tends to favor extroverted informants, would not have captured [13] [14] [15] [16] . Using a comparative analytical framework facilitated by this methodological approach, one of our studies, for example, focused on trying to explain the reasons for Brazil's world-renown high cesarean section rates, as found in epidemiological studies, by comparing subgroups of women experiencing and actively seeking both csections and normal births 17, 18 . Similarly, another study explored why certain subcategories of mothers identified in epidemiological studiesnamely, white women and those with male infants 19 -wean their children substantially sooner than other women. This study revealed an unexpected set of influences, emerging from the medical establishment's use of growth charts, that push women to wean their children early because of heightened concerns that their infants were not growing well 20 . The concurrent use of comparison groups in inter-linked epidemiological and anthropological studies has proved particularly useful. For example, one study on the relationship between teen pregnancy and both employment and education used an epidemiological case-control study of teen pregnancy by 18-19 years of age, together with an allied ethnographic study using the same comparative groups. Ethnographic results demonstrate that youth who became pregnant had had school difficulties and failure before falling pregnant. In addition, young girls were found to value forging a lasting bond with their partners, for this also provided them with social status and upward mobility, without having to submit to the rules of educational institutions 11, 21 . In terms of practical implications, these analyses suggested that it is not merely the lack of access to or information on contraception that leads to high rates of teen pregnancy, pointing to the need to take the broader sociocultural dimensions of pregnancy in youth into account. Even if sexual education were effective, this is usually provided between the 5 th and 8 th grades, and our study showed that girls who are likely to get pregnant are either dropping out before reaching this grade or are retained in lower grades due to repeated school failure. Therefore, targeting sexual education classes by age rather than grade would definitely make more sense 12 .
Use of ethnography for the interpretation of epidemiological results
Epidemiologists are becoming more and more aware of their discipline's analytical and interpretive limitations 22 . Although epidemiology is meant to be rigorously based in hypothesis testing, whereby the associations to be tested are based on clearly postulated and plausible hypotheses derived either from the literature or clinical knowledge, this is not always the case. Rather, epidemiologists often test multiple hypotheses without being able to fully explain the reasons for the association in question. This is particularly so as epidemiology moves away from studying only biological phenomenon and towards exploring societal patterns and contexst, where causal pathways are likely to be longer, more complex, diverse, and even cyclical 23 . In this regard, the use of ethnography for the interpretive enrichment of epidemiological results has proved to be fruitful form of interdisciplinary cross-fertilization. Unexpected epidemiological findings particularly benefit from additional anthropological insight when it come to analyzing subsidiary hypotheses and conducting subgroup analysis. In a recent study, for example, we used ethnography to explore and explain possible reasons for the associations established through statistical analysis. Looking specifically at quantitative results from two studies, one on determinants of mental morbidity and the other on age of sexual initiation, we used ethnographic data to elucidate the way that statistical associations are comprised of multiple pathways of influence that correspond to the unique experiences of specific subgroups. In exploring these pathways, we highlight the importance of an additional set of mediating factors that account for epidemiological results relating to both types of outcomes; these include the awareness and experience of inequities, young men and women's reactions to the role of violence in everyday life, traumatic life events, increasing social isolation and introversion as a response to life's difficulties, and differing approaches towards socio-psychological maturation 24 . Although these factors are difficult, if not impossible, to capture in a quantitative survey, they represent key aspects that should be included in public health initiatives aiming to mental health. In many ways, this goes contrary to the norm in public health, which tends to structure interventions according to quantitative indicators that have been "proven" to be causally salient in epidemiological studies, often without explicitly exploring the underlying phenomenon such indicators are likely to indicate.
Another study similarly explored epidemiologically-established gender differences in physical activity in the 1993 cohort, which showed that girls are more sedentary than boys. In-depth ethnographic research found that for a number of social and cultural reasons, the frequency with which young men socialised outside the school and home settings was higher than for girls. These behaviours were subsequently asked about in the quantitative survey, and analyses shows that this forms of sociability was associated with a sedentary lifestyle. Further ethnographic work enriched our explanatory understanding of the reasons for this gender difference. Young men are encouraged by their parents to engage in a number of physical activities outside the home in order to develop their masculinity, maturity, and identity. In contrast, young girls' behaviour are actively controlled, to the extent that they are kept inside the home as a way of protecting them against the many dangers that they are perceived to be particularly at risk of experiencing, including physical violence 25 .
Hypothesis raising, sub-group analysis and effect modification
The ethnographer's ability to discern differences and patterns according to subgroups represents an underutilized yet important area of convergence with epidemiology. In one of our anthropological studies, we used both qualitative and quantitative analysis to explore how some women living in shantytowns resist the negative depictions widely made of their social class standing by actively rejecting antenatal care provided in their local primary health care centre. These women considered such services to be a poor substitute for what the wealthy take for granted. Being particularly attuned to the values of upward mobility, several of these women invested their household's scarce resources in travelling to public primary level facilities situated in richer neighbourhoods or tertiary level facilities, and at times, in paying for private sector care 26 . In many ways, this study lay the theoretical ground-work for distinguishing between subgroups of shantytown dwellers according to key attitudes relating to economic inequities, upward mobility, and normative society.
The ethnographic focus on discerning social patterns according to subgroups also holds great potential for the epidemiological exploration of effect modification. A recent analysis using ethnographic insight, for example, found that the statistical association between early teen pregnancy and mental morbidity in adulthood not only holds after controlling for confounders, but is modified by social class, such that the negative impact of pregnancy on mental morbidity is significantly more pronounced amongst the poor than the rich. The use of ethnographic case-studies in this analysis enabled us to clearly explore the mechanisms that account for these epidemiological findings. The ethnographic study found that the association between pregnancy and mental morbidity is more pronounced amongst a subgroup of poor women who feel marginalized from mainstream society. These women are highly politicised and particularly sensitive to the social stigma associated with teen pregnancy in poor youth. Because of this, some reject what they identify as upper class values, which includes the view that teenpregnancy should be avoided. For these girls, teen pregnancy represents a desired state that reaffirms their pride as members of the working class. Even so, these girls suffer considerable psychological strain ensuing from the social prejudice that their reproductive decisions stimulate 27 . Similarly, another study on the relationship between pacifier use and breastfeeding duration used focused comparative ethnography to guide epidemiological subgroup analysis and consideration of effect modifiers. Ethnographic insight proved fundamental to teasing out whether or not pacifier use was causality related to breastfeeding duration, and to discern in which subgroups of women the relationship proved to be more strongly associated 28 . Although the ethnographic study was based on a small sample, the social patterning it uncovered guided the epidemiological identification of effect modifiers, bringing a level of analytical nuance to the epidemiological analysis that would have otherwise gone unnoticed. In this cases, it is particularly interesting to note that -whereas epidemiological studies alone showed a strong association between pacifier use and short breastfeeding durationthe combination with ethnographic analyses suggested that association was not causal. After this study was published, a randomized controlled trial supported the lack of a causal association 29 .
Contrary to common depictions of the limitations of ethnographies based on small samplesizes, these studies show the power that in-depth anthropological analysis has for discerning patterns within a small sample size, which can later be confirmed in quantitative survey work. In our work, we have found that a remarkably high proportion of the effect modifications (or interactions) suggested by small ethnographic studies are likely to be confirmed as statistically significant in epidemiological analyses.
These experiences demonstrate the importance of having in-depth knowledge of local conditions, practices and realities for improving the interpretive caliber of epidemiological research. Indeed, a growing concern amongst social epidemiologists no longer working within a biological conceptual framework is the relative lack of a rigorous conceptual basis upon which epidemiological hypotheses and analyses are conducted. Related to this is the need some social epidemiologists identify to ground their work more fully within local contextual knowledge 7, [30] [31] [32] .
Discussion
Our experiences with the above collaborative ventures has not always been easy, nor has it developed without some degree of professional risk. While a template of sorts was developed in early days for the combined use of qualitative and quantitative methods, those seeking to engage in conceptual interdisciplinarity have been required to chart new ground. This not only brings with it a number of communicative difficulties, it holds important implications for publication. Although a number of epidemiological and public health journals now accept and encourage publication of studies using qualitative components, this is certainly a minority occurrence, and still heavily focused on the addition of "qualitative methods," rather than true disciplinary theoretical exchange. Furthermore, many public health journal require studies reporting on ethnographic findings to starkly separate a "neutral" description of results from their discussion, even though this is antithetical to the analytical and interpretive frameworks most often required in anthropology. Journals publishing in medical and social anthropology, in turn, have as of yet failed to fully explore the benefits of considering anthropological studies that include quantitative analyses. Remarkably few journals are rigorous on both accounts, to the extent that in our experience, reviewers' comments can often be quite polarized, depending on their disciplinary orientation. In an amusing albeit somewhat offensive review, one of our paper combining ethnographic and epidemiological results was described as follows "this material is thrown together as a Spanish paella in that 'anything that ever swum the seas' can go in it: it is tasty; but no one knows what is in it or its nutritional value."
To remedy this constraint, we believe greater attention should be given to the conceptual and theoretical bases for interdisciplinary exchange, a type of exchange that requires an explicit consideration of the epistemological boundaries of each of our respective disciplines. In our experience, engaging with substantive analytical questions centered our discussion around conceptual models, and charting the hierarchical pathways of influence from one set of social determinants to various health outcomes in question 33 . Epistemological convergence was facilitated through a three specific foci which were in actuality facilitated, rather than inhibited, by the "applied" nature of our work.
First, the need in public health is to not simply describe phenomena, but to explain the reasons for their appearance and to propose ways to change them. This requirement of developing research questions within a problem-solving framework demands a more sophisticated and explicit theoretical orientation, one that is geared towards generating understandings of causality and mechanisms of change. To fulfill this objective, both methodological and epistemological modifications are required 34 , to which both epidemiology and anthropology have the potential to contribute. In our view, so central is this type of interdisciplinary cross-fertilization that most of our studies -even those headed by anthropologists -now comprise both an epidemiological and anthropological approach.
Second, while discussions around methods often constituted the starting-point of our collaboration, our mutual interest in explanation lead us to focus less on methodological refinement and specialization, and more on challenges in the interpretation of data and meaning attributed to our analytical conclusions. As some authors have claimed, debates around the limitations of statistical measurements have severely restricted theoretical developments. Authors critique the excessive amount of attention that is often given to developing more specific and sophisticated measurement techniques at the expense of using good but simple "summary measures" to advance theoretical premises and hypotheses 35, 36 . As Frohlich et al. argue, the fundamental barrier to better exploring the relationship between structure, local context and ill-health is the dominance of black box "risk factor" epidemiology that couches theoretical limitations under methodological sophistication 37 . Similar critiques have been leveled at applied anthropologists, who have developed highly sophisticated methodological how-to manuals for conducting formative anthropological research within specific disease programs, often putting forth intricate interviewing techniques (e.g. pile sorting or ranking) that in fact do not originally belong to anthropology and that do little to advance understandings of social change 4 . Third, as the focus moves away from describing the differences between the two disciplines solely in terms of methods, unhelpful dichotomies are deconstructed. As some authors have pointed out, stereotyped dichotomies often put forth in debates on interdisciplinary collaboration -including deductive-inductive, natural-artificial, specific-generalisable -are not necessarily (or simplistically) determined by methods used 38, 39 . Hammersely, for example, has shown how in-depth case study methods and large-scale multivariate survey research can -depending on how they are used -share the similar underlying aim of developing a conceptual model on how variables are related, taking time and place into consideration 40 . In other words, open-ended qualitative methods can be just as reductionistic as quantitative surveys, and a cross-sectional survey can be equally as inductive as participantobservation.
Conclusion
Our concern with highlighting the interdisciplinary basis upon which epistemological assumptions can be challenged and collaboration improved is not an academic exercise, but one that has significant consequences for public health research and practice. The more disciplines can converge and modify standardized ways of knowing, the more they will be able to provide in-depth and contextually sensitive explanations for the emergence of disease-patterns and thus, to problemsolve.
Despite many advances in multidisciplinary collaboration, the relationship between epidemiology and anthropology has yet to develop fully. Today, there are a great number of useful publications on how anthropology can better contribute to epidemiology, than vice versa 1 . This probably reflects the excessive focus that exists on the exchange of methods, the relative subordinate position of anthropology to epidemiology within public health, and the subsequent need anthropologists have to demonstrate and prove their discipline's relevance. To modify this and other power balances, many questions regarding cross-disciplinary fertilization still need answering. What contributions can epidemiology still make to anthropology? How would an anthropology influenced by epidemiology be different from an epidemiology influenced by anthropology? What professional and institutional conditions would be necessary for further developing a conceptual and interdisciplinary -rather than simply multidisciplinary -approach to researching health problems?
In our experience, the importance of institutional support for in-depth and sustained interdisciplinary collaboration cannot be under-estimated. At both the Department of Social Medicine (DSM) at the Federal University of Pelotas and the London School of Hygiene and Tropical Medicine (LSHTM) (two institutions that have influenced each-other positively with regards to our own interdisciplinary collaboration), significant efforts have been made to include and maintain marginal disciplines such as anthropology. At the DSM, the only opening for a junior faculty position in several years was allocated to an anthropologist, quite a development in a department hitherto restricted to medical doctors and epidemiologists. At the LSHTM, in turn, the numbers of anthropologists who have joined and remained at the school has quadrupled since the late 1980s.
In addition to institutional factors, a fundamental quality contributing to the success of our collaboration has been the adoption of a relativistic and open stance regarding the epistemological limitations of both disciplines. In our experience, such relativism initially manifested itself in a mutual interest in devoting considerable time to learning about the methods and terminology of each-others' disciplines, but with time, this learning process quickly lead to the development of a fruitful and yet critical perspective on the limits of disciplinary specialization for generating new knowledge. As Van der Geest has argued, disciplinary specialization and "ethnocentrism" is at the core of inhibited cross-disciplinary research 41 . Until each discipline demonstrates greater humility and realizes that disciplines are merely humanly-designed tools to study and interpret and explain reality, unnecessary hyper-specialization will continue to alienate one field of knowledge from another.
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